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© Cooling system of electronic computer. 

© An electronic computer cooling system having a 
cooling apparatus to cool an electronic computer 
and cooling members (4, 41) for thermally connect- 
ing semiconductor devices (1) whose operating 
speeds are raised by cooling to a low temperature 
N source of the cooling apparatus. Circuit boards (2) 
^ onto which the semiconductor devices (1) and the 
^ like constructing the electronic computer are moun- 
(NJ ted and the cooling apparatus such as a refrigerating 
00 apparatus and the like are compactly enclosed in a 
Q) single casing (5). Or, the circuit boards (2) and the 
00 cooling apparatus are compactly enclosed in sepa- 
^ rate detachable casings, respectively. Thus, a struc- 
q ture in which desired semiconductor devices can be 
certainly cooled by using the cooling members (4, 
yj 41) is obtained. 
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BACKGROUND OF THE INVENTION 

The invention relates to a cooling system of an 
electronic computer and. more particularly, to an 
electronic computer in which an operating speed of 
a semiconductor device is raised to thereby im- 
prove an operating speed of a computer system 
and also relates to a cooling system of such an 
electronic computer. 

A conventional electronic apparatus has a con- 
struction in which one or a few fans are provided to 
cool a number of heat generating sources such as 
package, disk, power source, and the like which 
exist in a casing. A cooling air is blown by the fans 
and enters the casing through holes and flows in 
the casing along the package, disk, and power 
source and flows to the outside of the casing by 
the fans. In such a construction, an inflow tempera- 
ture of the cooling air is equal to a room tempera- 
ture. There is a case where, for instance, a tem- 
perature of the main portion of the package rises to 
about 50 to 100*C even when it is sufficiently 
cooled. As a method of improving the cooling of 
the package as mentioned above, there is an ex- 
ample in which channels are formed by surround- 
ing the package by partition plates and fans are 
arranged before and after the channel as disclosed 
in JP-B-60-11830 (J P-A-53- 145054). The publica- 
tion also shows an example of coupling via heat 
pipe a cooling air inlet side with a heat source of 
very large heat capacity among various heat sour- 
ces. 

In "IEEE Transaction on Electron Devices". 
Vol. 36, No. 8 (1989), page 1404, a cooling system 
in which a board on which CMOS devices are 
mounted is dipped in liquid nitrogen is disclosed. 
As disclosed in J P-A-1 -270296. there is a cooling 
system in which an inflow air is previously cooled 
by a refrigerating cycle. 

Among the above conventional techniques, in 
the case of the codling system by the fans dis- 
closed in JP-B-60-11830, to increase the cooling 
capacity in order to further reduce the temperature 
of semiconductor device, a flow rate of the air must 
be increased by increasing the number of fans, by 
increasing the size of fans, or the like. In such a 
case, there is a problem of an increase in fan 
noises. On the other hand, there is also a problem 
such that when the size of radiating fans is en- 
larged in order to enhance the cooling capability, a 
high installing density is not obtained. Further, the 
temperature of semiconductor device cannot be 
held to a temperature lower than the external air 
temperature and nothing is considered with respect 
to the realization of a high operating speed of the 
device due to the realization of a low temperature. 

On the other hand, according to the example in 
which the board on which the semiconductor de- 



vice is mounted is dipped into liquid nitrogen, there 
are problems such that the size of refrigerator is 
large and another casing different from the casing 
to enclose the semiconductor device is needed, so 

5 that a large occupied area is necessary. According 
to the sytem disclosed in JP-A-1 -270296, since all 
of the devices are uniformly cooled, nothing is 
considered with respect to the realization of a high 
operating speed of a special device and the de- 

70 humidification. 

SUMMARY OF THE INVENTION 

It is the first object of the invention to improve 
75 an operating speed of an electronic computer by 
cooling special devices such as CMOS devices or 
the like so that the computing speed is raised by 
cooling the devices. 

The second object of the invention is to pro- 
20 vide an electronic computer of a high operating 
speed having a cooling system of a high reliability. 

The third object of the invention is to provide 
an electronic computer which has a cooling system 
which can prevent that semiconductor devices are 
25 wet with dew and in which the reliability is im- 
proved. 

The fourth object of the invention is to provide 
an electronic computer which can calculate at the 
operating speed corresponding to the operating 
30 speed of a special device such as a CMOS device 
or the like from a time point of the activation of the 
computer. 

To accomplish the first object, according to 
one aspect of the invention, a flexible cooling 

35 member having a high heat conductivity is ar- 
ranged between a special semiconductor device by 
which the whole operating speed of the computer 
is restricted and an evaporator of a refrigerator or a 
first cooling member which is thermally in contact 

40 with the evaporator, and such a semiconductor 
device is locally cooled by a cooling source which 
is generated from the refrigerator. 

A channel to lead the air cooled by the evap- 
orator of the refrigerator is provided and the cooled 

45 air is blown out from holes formed in the channel 
and is allowed to collide with such a special semi- 
conductor device, thereby cooling the device. 

A special semiconductor device and a cooling 
member having therein a group of liquid channels 

50 are thermally connected by a flexible member hav- 
ing a high heat conductivity. A liquid is circulated 
between the group of channels in the cooling mem- 
ber and a heat radiator provided on the outer wall 
of the casing by liquid pumps, thereby radiating 

55 the heat generated from the semiconductor device 
into the air on the outside of the casing. 

To accomplish the second object, according to 
another aspect of the invention, a cooling member 
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to thermally connect a special semiconductor de- 
vice and an evaporator of a refrigerator is con- 
structed by a plurality of heat pipes and an airtight- 
ness of each heat pipe is independently held. 

To accomplish the third object, according to a 
further aspect of the invention, a refrigerator is 
constructed by refrigerating cycles of two or more 
stages and a dehumidifier is provided for an evap- 
orator on the low temperature side. 

A water adsorption resin is attached to the 
evaporating portion in which a temperature de- 
creases. 

To accomplish the fourth object, according to a 
still another aspect of the invention, a temperature 
of a special semiconductor device is detected and 
a frequency of a reference clock generating section 
of the operation of the computer can be varied in 
accordance with the temperature value. 

According to a specific aspect of the present 
invention, there is provided an electronic computer 
and cooling system including a refrigerator con- 
tained with the computer in a casing, the refrigera- 
tor comprising an evaporator, a compressor, ex- 
pansion valves, condensers, and the like, the com- 
puter including boards on which a plurality of semi- 
conductor devices are mounted, wherein the semi- 
conductor devices and the evaporator of the refrig- 
erator are thermally connected by first and second 
cooling members; the first cooling member is 
formed by a block made of a material of a high 
heat conductivity or a group of a plurality of in- 
dependent heat pipes; one end of the first cooling 
member is connected to the evaporator and the 
other end is arranged so as to face the board on 
which the semiconductor devices are mounted 
through the flexible second cooling member having 
a high heat conductivity^ the heats which are gen- 
erated from the semiconductor devices are trans- 
ported to the evaporator through the second and 
first cooling members; the heat exchange with an 
operating refrigerant of the refrigerating cycle is 
performed by the evaporator; the heats are radi- 
ated to the outside of the casing by the condens- 
ers; whereby a heat path from the semiconductor 
devices to the evaporator of the refrigerator is 
assured, and a high cooling performance is ob- 
tained by a low temperature source by the refrig- 
erator and the high speed operation of the com- 
puter can be accomplished. 

The electronic computer is constructed by a 
number of semiconductor devices whose functions 
and operating speeds are different and the operat- 
ing speed of the whole computer is restricted by a 
device of the slow operating speed. 

First, a cooling source is generated by the 
refrigerator, and the evaporator of the refrigerator 
or the first cooling member which is thermally to 
come into contact with the evaporator and the 



special semiconductor device are thermally con- 
nected by arranging the flexible cooling member 
having a high heat conductivity between them. 
Therefore, for instance, when a special device such 

5 as a CMOS device or the like is set into a low 
temperature, the operating speed rises, so that the 
operating speed of the whole computer can be 
improved. In the above case, since the cooling 
member for connecting the semiconductor device 

10 and the evaporator of the refrigerator as a cooling 
source is constructed by a flexible material having 
a high heat conductivity, the gaps existing between 
the device surfaces and the cooling member sur- 
face due to a variation in heights of the devices 

75 can be connected by a small contact heat resis- 
tance, the heats of the semiconductor devices can 
be sufficiently radiated, and the operating tempera- 
tures can be reduced. On the other hand, since the 
temperature of the cooling source is held to be low 

20 by the refrigerator, a large temperature difference 
between the cooling source and the semiconductor 
device can be obtained, and a high cooling perfor- 
mance can be derived. 

The channel to lead the air cooled by the 

25 evaporator of the refrigerator is provided. The cool- 
ed air is allowed to collide with the special semi- 
conductor device from the hole formed in the chan- 
nel, thereby cooling the device. Therefore, the 
semiconductor device can be directly cooled by 

30 the jet air stream blown from the hole and the 
effective cooling of a high heat conductivity can be 
executed. Consequently, the special semiconductor 
device can be sufficiently cooled and the operating 
speed can be raised. 

35 The special semiconductor device and the 

cooling member having therein a group of liquid 
channels are thermally connected by the flexible 
member having a high heat conductivity. The liquid 
is circulated by the liquid pump between the group 

40 of channels in the cooling member and the radiator 
provided for the outer wall of the casing. Thus, the 
special device can be cooled and the high speed 
operation can be realized. 

Since the liquid is used as a cooling medium 

45 and is circulated in the casing, the high cooling 
performance can be realized by the cooling system 
of a small size and low noises. 

Second, the cooling member for thermally con- 
necting the special semiconductor device and the 

so evaporator of the refrigerator is constructed by a 
plurality of heat pipes and the airtightness of each 
heat pipe is independently held. Thus, the special 
semiconductor device can be cooled. Even when 
the airtightness of the heat pipe of a certain portion 

55 is not held, the heat transport can be executed by 
the remaining heat pipes and the cooling can be 
performed at a high reliability. 

Third, even when the semiconductor device is 
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held to a low temperature, the dehumidifier is fur- 
ther provided for the cooling source of a low tem- 
perature, so that the moisture contained in the air 
in the casing is eliminated by the dehumidifier on 
the cooling source side. It is, therefore, avoided 
that the semiconductor device is wet with dew. An 
electrical malfunction does not occur. 

Fourth, the temperature of the semiconductor 
device is detected and the frequency of the refer- 
ence clock can be varied in accordance with the 
temperature. Therefore, even in the case where the 
temperature of the cooling source is not imme- 
diately reduced by the refrigerator as in the case of 
the activation of the system, by reducing the clock 
frequency, the operating speed of the system is 
decreased. After the cooling source was reduced to 
a predetermined temperature and the enough cool- 
ing performance was derived, the clock frequency 
is raised and the high speed operation is allowed to 
be performed. Consequently, the normal operation 
can be executed even upon activation or starting of 
the system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 4 are diagrams showing an embodi- 
ment of the invention; 

Fig. 1 is a cross sectional perspective view of an 
electronic computer; 

Fig. 2 is a partial enlarged perspective view of a 
cooling member; 

Figs. 3 and 4 are perspective views of a first 
cooling member; 

Fig. 5 is a cross sectional perspective view of a 
computer system showing another embodiment; 
Figs. 6 to 10 are vertical sectional views of 
cooling member portions showing other embodi- 
ments of the invention, respectively; 
Fig. 11 is a cross sectional perspective view of 
an electronic computer showing another em- 
bodiment of the invention; 
Fig. 12 is a cycle constructional diagram show- 
ing another embodiment of the invention; 
Figs. 13A to 13C are diagrams showing other 
embodiments of the invention, wherein Fig. 13A 
is a plan view showing the inside of an elec- 
tronic computer, Fig. 13B is a cross sectional 
view of a refrigerator, Fig. 13C is a cross sec- 
tional view of a heat radiation fin; 
Fig. 14 is a diagram showing a construction of a 
reference clock generating section. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

An embodiment of the invention will be de- 
scribed with reference to Figs. 1 to 4. Fig. 1 is a 
diagram showing an electronic computer. Boards 2 



and 16 on which a number of semiconductor de- 
vices 1 are mounted, a refrigerator, and cooling 
members 4 and 41 are enclosed in one casing 5. A 
number of semiconductor device groups having 

s different functions for command processes, calcula- 
tion, memory, input and output, operation control, 
and the like are installed on the boards 2 and 16. 
The computer is constructed by a plurality of 
boards as necessary. On the other hand, the refrig- 

10 erator is constructed by a refrigerating cycle com- 
prising evaporators 31 and 43, a condenser 32, an 
expansion valve 34, a compressor 33, refrigeration 
controller 15 and the like. Freon or the like is used 
as an operating refrigerant. 

75 The condenser 32 is constructed so as to form 

a part of or ail of the portion of the casing 5 of the 
computer system. Although it is preferable to for- 
cedly cool the condenser 32 by using a fan or the 
like, it is not always necessary to provide the fan 

20 when the condenser 32 has an enough large heat 
transfer area. 

In the embodiment shown in Fig. 1, both sides 
of the casing 5 are formed by the condensers 32. 
The evaporator is constructed by two portions of 

25 the evaporators 31 and 43. One end side of the 
first cooling member 4 made of a heat pipe or a 
heat conductive material having a high heat con- 
ductivity such as copper, aluminum, or the like is 
thermally to come into contact with the portion of 

30 the evaporator 31. The other end side of the first 
cooling member 4, that is, on the board 2 side is 
thermally to come into contact with the semicon- 
ductor devices 1 through the second cooling mem- 
ber 41 which has a high heat conductivity and is 

35 formed by a flexible material. In the embodiment 
shown in Fig. 1, although the boards 2 are ar- 
ranged on both sides of the second cooling mem- 
ber 41, they can be also properly arranged at 
arbitrary positions. A fan 42 is attached to the 

40 portion of the evaporator 43. The cooled air is 
circulated in the casing 5 by the fan 42. A de- 
humidifier 6 can be arbitrarily provided; however, it 
is not always necessary to use it. When the de- 
humidifier 6 is provided, a construction similar to a 

45 refrigerating cycle shown in Fig. 12 can be applied. 

The heats which are generated from the semi- 
conductor devices 1 mounted on the board 2 are 
transported to the first cooling member 4 through 
the second cooling member 41. Since the second 

so cooling member 41 is flexible and has a high heat 
conductivity, even when there is a variation in 
heights of the semiconductor devices mounted on 
the board 2, the heats can be efficiently trans- 
ported to the first cooling member 4. As a second 

55 cooling member 41, for instance, it is possible to 
use a member which is formed by sealing a per- 
fiuorocarbon liquid into a film which is molded in a 
sack shape. The heats transported to the first cool- 
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ing member 4 are transferred to the evaporator 31 
through the first cooling member. Channels are 
formed in the evaporator 31 connected to the first 
cooling member 4 and an operating refrigerant (for 
instance, freon) flows. When the refrigerant liquid is 
evaporated (at an evaporation temperature lower 
than a room temperature), the heat from the first 
cooling member 4 is received. In Fig. 1 , the refrig- 
erant liquid also flows in the evaporator 43. Fins 
are joined to refrigerant pipes of the evaporator 43. 
The air in the casing passes among the fins by the 
fan 42. For such a period of time, the refrigerant is 
evaporated and the heat exchange is performed 
between the air and the refrigerant, so that the air 
is set into a low temperature. The semiconductor 
devices in which the cooling performance is not 
particularly required like the semiconductor devices 
mounted on the boards 16 are cooled by the 
forced convection of the air of a low temperature. 
In the case where the forced convection is unnec- 
essary, or in the case where all of the devices are 
cooled by the evaporator 31 by using the cooling 
members 4 and 41, the evaporator 43 and the fan 
42 are unnecessary. 

The refrigerant evaporated by the evaporators 
31 and 43 is compressed into a high pressure by 
the compressor 33 and is condensed and liquefied 
by the condensers 32. In such a processing step, 
the heat is radiated to the outside of the casing. 
The condenser 32 is, for instance, formed by di- 
rectly joining a fin train to the pipes of the refriger- 
ant. The refrigerant is again returned to the evap- 
orator through the expansion valve 34. 

As mentioned above, the heats which are gen- 
erated from the semiconductor devices are effi- 
ciently transported because a heat path from the 
semiconductor devices to the evaporator which 
constructs the refrigerating cycle and is held to a 
low temperature is assured by the cooling mem- 
bers. Further, the heats which are generated from 
all of the devices are transported to the evaporator 
and can be radiated in a lump to the outside of the 
casing by the refrigerating cycle by using the con- 
denser attached by using a wide area of the casing 
wall, so that the cooling can be performed at a very 
high efficiency. 

In general, the operating speed of the com- 
puter differs depending on the function and the 
kind of device. The whole operating speed of the 
computer, mainly, the upper limit of the clock fre- 
quency is restricted by the lowest operating speed. 
On the other hand, it is known that an amount of 
heat generation increases as the operating speed 
of a certain kind of semiconductor device, for in- 
stance, a CMOS device rises or that the operating 
speed rises with a decrease in operating tempera- 
ture. Therefore, by enhancing the cooling capability 
of the device, the operating speed of the device 



which specifies the operating speed of the whole 
computer is raised and the speed of the computer 
can be Improved. In the embodiment, the semicon- 
ductor device 1 whose operating speed rises when 
5 the operating temperature is low is arranged so as 
to be cooled through the second cooling member 
41. 

When the semiconductor devices are cooled, a 
group of special semiconductor devices such as 

w CMOS devices or the like can be also cooled in a 
lump on a board unit basis as shown in Fig. 1. In 
such a case, the cooling efficiency to raise the 
calculating speed is improved and the devices 
which do not need to be cooled are also protected. 

is For instance, as shown in Fig. 2, only special 

devices 1 can be also locally cooled. That is, it is 
possible to construct in a manner such that the first 
cooling member 4 is thermally to come into contact 
with only the special devices 1 through the second 

20 cooling member 41. Particularly, an electronic re- 
frigerating device 44 or the like using a Peltier 
effect can be also used with respect to devices 1 1 
which need a high operating speed of the com- 
puter. 

25 Although Figs. 1 and 2 show the case where 

the first cooling member 4 is made of a material 
having a high heat conductivity, there are also 
considered cases where the first cooling member 4 
is formed by heat pipes as shown in Figs. 3 and 4. 

30 As shown in Fig. 3, the first cooling member is 

formed by the heat pipe 4. The heat pipe 4 is 
formed in a flat shape. The inside of the heat pipe 
4 is separated to a plurality of independent cham- 
bers 45 each of which is connected from the 

35 evaporating portion near the board 2 to the con- 
densing portion which is in contact with the evap- 
orator 31 . Fine grooves 46 and 47 are formed on 
the inner wall of each chamber 45 so as to per- 
pendicularly cross each other and to be commu- 

40 nicated by holes at intersecting points, respec- 
tively. 

For instance, as shown in an enlarged diagram 
of Fig. 3, the grooves 46 and 47 are formed on 
front and back surfaces of a plate 460 in the 

45 directions which cross perpendicularly each other 
in a manner such that the sum of depths of the 
grooves which are formed on the front and back 
surfaces is larger than a thickness of the plate 460. 
Thus, holes 461 which communicate the respective 

50 grooves are formed in the intersecting portions of 
the grooves 46 and 47. The plate 460 formed with 
the grooves is joined like a metal every chamber 
45 to a wall 462 of the heat pipes in a region from 
the evaporating portion to the condensing portion. 

55 For instance, water is sealed as an operating liquid 
into each of the chambers 45 of the heat pipes. In 
the evaporating portions of the heat pipes which 
are thermally connected to the second cooling 
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member, the operating liquid absorbs the heat from 
the second cooling member and is evaporated. The 
vapors are condensed and liquefied by the con- 
densing portions and, at this time, the heat is 
transported to the evaporator 31 . The liquefied op- 
erating liquid is again returned to the evaporating 
portion by the grooves 46. In the above case, the 
liquid also moves in the direction which perpen- 
dicularly crosses the grooves 46 through the 
grooves 47 which are communicated by the holes 
461 and efficiently spreads into the whole region of 
the evaporating portion. 

Fig. 4 shows another example in which the first 
cooling member is formed by a plurality of heat 
pipes 4. A plurality of thin-pipe shaped heat pipes 
48 are bound and are inserted into a flat block 
made of copper or the like in the evaporating 
portion and the condensing portion, thereby con- 
structing the cooling member. 

The operation of the computer constructed as 
mentioned £bove will now be described. 

After the elapse of a predetermined time after 
the activation of the computer, or when a set time 
to activate the computer is set, the refrigerator is 
made operative before a predetermined time of 
such a set time. The refrigerant which has been set 
into a high pressure by the compressor 33 is 
cooled by the condensers 32 arranged on both 
sides of the casing 5. The cooled refrigerant is 
converged by the expansion valve 34 and becomes 
a liquid refrigerant of a low temperature and a low 
pressure. The liquid refrigerant receives the heats 
in the evaporators 31 and 43 and is evaporated. 
After that, it is returned to the compressor 33. In 
the case where the first cooling member 4 which is 
thermally in contact with the evaporator 31 is made 
of a material of a high heat conductivity such as 
copper, aluminum, or the like as shown in Figs. 1 
and 2, the amount of heat which is generated by 
the semicodnuctor devices 1 is transferred to the 
first cooling member 4 through the second cooling 
member 41. The heat of the first cooling member 4 
is transported to the evaporator 31 by the heat 
conduction and is exchanged by the evaporator 31 
of a low temperature, so that the semiconductor 
devices 1 are cooled. 

Consequently, the first cooling member 4 is 
held at a low temperature because it is connected 
to the evaporator 31 by the heat pipe(s) or the 
block made of copper, aluminum, or the like having 
a high heat conductivity. Therefore, the semicon- 
ductor device is sufficiently cooled even in the 
case of any one of the device such that a heat 
generation amount is large to enable the computer 
to perform the high speed operation and it is nec- 
essary to obtain a high heat radiation amount by 
setting the temperature of the cooling source into a 
low temperature and the device such that the high 



speed operation can be performed by keeping a 
low temperature. The reason why the frist cooling 
member 4 is to come into contact with the semi- 
conductor devices 1 through the second cooling 
5 member 41 having a high heat conductivity and 
made of a flexible material is to absorb a variation 
in heights of the device parts by the second cool- 
ing member 41 and to keep a small contact heat 
resistance. The other devices are cooled by the 

10 low temperature air by keeping the air temperature 
to a low temperature by allowing the air to pass in 
the fin portion provided for the evaporator 43 by 
the fan 42 or the like. The heat transferred from the 
semiconductor devices to the evaporating portion is 

75 finally radiated into the external air through the 
condensers 32 forming a part of or all of the casing 
5 by the natural convection or the forced convec- 
tion air cooling by the fan or the like. The de- 
humidifier 6 is assembled in the casing 5 and the 

20 external air is shut out by a rubber packing or the 
like, thereby preventing that the semiconductor de- 
vices 1 are wet with dew. In the embodiment, a 
water absorption resin is attached to the evaporat- 
ing portion whose temperature decreases, the 

25 moisture contained in the air in the casing 5 is held 
in the water absorption resin. For instance, by 
properly exchanging the water absorption resin at 
the time of maintenance or the like, the moisture in 
the air can be eliminated. 

30 In the case where the heat pipe shown in Fig. 3 

is used as a first cooling member, the condensed 
operating liquid flows along the grooves 46 and 47 
and is returned to the evaporating portion. Also, by 
providing the grooves 46 and 47 which cross per- 

35 pendicularly each other, the heat transfer area in- 
creases and the heat transfer performance in the 
evaporating portion can be increased. Even in the 
case where since the inside of the flat cooling 
member 4 is separated into a plurality of chambers 

40 45, the airtightness of a certain chamber cannot be 
held and the heat transporting operation cannot be 
performed in such a chamber 45, the cooling func- 
tions are held in the other chambers 45, so that the 
operation as a heat pipe can be assured and the 

45 devices can be cooled at a high reliability. 

In the case of the first cooling member shown 
in Fig. 4, since the condensing portion is formed 
by a block, it can be closely adhered and attached 
by the evaporator 31 and the heat can be effi- 

50 ciently transferred to the evaporator 31 via the 
condensing portion. Even if the airthightness can- 
not be held at one portion, another heat pipe group 
operates, so that the heat can be transported and 
the high operation reliability is obtained. 

55 As mentioned above, according to the embodi- 

ment, the operating speed can be raised by setting 
the operating temperature of a special device such 
as a CMOS device to a low temperature. For 
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instance, when such an operating temperature is 
held to 0*C or less, -50 *C or less, or -100* C or 
less, it is also possible to obtain the operating 
speeds which are 1 .5 times, 2 times, and 2.4 times 
as high as the operating speed at a room tempera- 5 
ture or higher, respectively. 

Thus, the operating speed of the entire com- 
puter can be remarkably improved. 

Fig. 5 shows another embodiment of the inven- 
tion. According to the embodiment shown in Fig. 5, w 
the evaporator 31 which is held at a low tempera- 
ture and constructs the refrigerator is arranged 
near the board 2 on which the device 1 in which a 
high operating speed is required is mounted, and 
the semiconductor device 1 is thermally to come 75 
into contact with the evaporator 31 by the cooling 
member 41 without using the second cooling mem- 
ber. The cooling member 41 is formed by a flexible 
material having a high heat conductivity in order to 
absorb a variation in heights of the semiconductor 26 
device parts. In the embodiment, since the evap- 
orator 31 is directly arranged near the device 1 to 
be cooled, the heat path from the device 1 to the 
cooling source is reduced, so that a high cooling 
performance is derived. Thus, the device 1 can be 25 
maintained at a lower temperature. Therefore, the 
operating speed of the device which restricts the 
operating speed of the whole computer is raised 
and the speed of the computer can be improved. 
The cooling member 41 can be also formed by a 30 
grease of a high heat conductivity or the like. In 
such a case, the high cooling performance can be 
obtained by a smaller heat resistance. By interpos- 
ing the electronic refrigerating device between the 
evaporator 31 and the semcionductor device 1 and 35 
by keeping the device at a further low temperature, 
the high speed can be also realized. 

Further other embodiments of the invention are 
shown in Figs. 6 to 10. In the embodiments, as 
shown in Fig. 6, a cooling member 9 is constructed 40 
along the board 2 on which the semiconductor 
devices 1 are mounted. Ducts are formed between 
the cooling member 9 and the semiconductor de- 
vices 1 , thereby forming channels 50. Holes 51 are 
formed at the positions corresponding to the semi- 45 
conductor devices 1 . 

The cooling member 9 can be formed by any 
one of the heat pipe or block of a large heat 
conductivity, which is connected to the evaporator 
of the refrigerator provided in the casing, or the so 
evaporator itself, and it is held at a low tempera- 
ture. The air to cool introduced into channels 50 by 
fan 56 or like flows in parallel in the channels 50 
along the cooling member 9. While the air flows in 
the channels 50, it is cooled by the cooling mem- 55 
ber 9 held at a low temperature. The cooled air is 
blown out of the holes 51 formed in the channels 
50 and collides as jet air streams with the semicon- 
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ductor devices 1 . Generally, since the heat transfer 
performance at the surface of the semiconductor 
device in the case of using the jet air stream is 
very high, the semiconductor device can be effec- 
tively cooled. In such a jet stream method, since 
almost all of the cooling air which has passed the 
hole 51 directly collides with the semiconductor 
device 1 , as compared with the case where the air 
flows in parallel with the board 2, the cooling air 
can be effectively used. 

An area of the hole 51 is determined in cor- 
respondence to each of the heat generation 
amount of the semiconductor device 1 and each of 
the special devices in which a low temperature is 
required, respectively. By setting as mentioned 
above, since the semiconductor device 1 can be 
sufficiently cooled and the operating speed can be 
raised, the operating speed of the computer can be 
improved. 

As shown in Tig. 7, a heat sink 52 can be also 
provided on the surface of the semiconductor de- 
vice 1. Since the heat radiating area can be in- 
creased by providing the heat sink 52, the semi- 
conductor device 1 can be more preferably cooled. 
Thus, the temperature of the whole semiconductor 
device 1 can be reduced or, in the case of the 
same semiconductor device temperature, a heat 
generation amount of the device can be increased. 
A speed when the cooling air is blown out of the 
hole can be reduced, there is an advantage such 
that the noises are small or the like. A shape of the 
heat sink 52 can be set into any one of the pin-fin 
shape, flat-plate shape, and the flat-plate shape 
having slits. It is possible to use a shape such that 
the heat radiating area can be enlarged. 

As shown in Figs. 8, 9, and 10, either one of a 
porous structure metal 53, thin metal wires 54, and 
a corrugated plate 55 formed with channels can be 
also inserted in the channel 50. By providing the 
metal body having spaces or channels in which the 
air flows into the channel 50, the heat exchange 
between the cooling air flowing in the channel 50 
and the cooling member 9 held at a low tempera- 
ture can be preferably executed. The semiconduc- 
tor device 1 can be efficiently cooled. 

Fig. 11 shows another embodiment of the in- 
vention. In the embodiment, the semiconductor de- 
vices are cooled by circulating the cooling liquid by 
a liquid pump 7. The computer is constructed by: 
the boards 2 on which a number of semiconductor 
devices 1 are mounted; the liquid pump 7; the 
cooling members 4 and 41 to heat transfer the 
cooling liquid supplied from the liquid pump 7; and 
a heat radiating panel 71 which is formed in a part 
of the casing 5 and is used to cool the cooling 
liquid. The semiconductor devices 1 on the board 2 
are special devices in which the high speed opera- 
tion can be realized by cooling. By executing the 
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high speed operations of the special devices, the 
operating speed of the computer can be improved. 
The first cooling member 4 and the second cooling 
member 41 are arranged near the board 2 on 
which the devices 1 in which the high speed opera- 
tion is needed are mounted. The semiconductor 
devices 1 and the first cooling member 4 are 
thermally connected through the second flexible 
cooling member 41 having a high heat conductiv- 
ity. The second cooling member 41 can use a heat 
conductive grease or the like in order to reduce the 
heat path from the semiconductor device 1 to the 
first cooling member 4. On the other hand, the first 
and second cooling members can be also arranged 
for only the individual devices on the board 2. A 
group of liquid flowing channels are provided in the 
first cooling member 4. The cooling liquid (heat 
medium liquid) flowing in the liquid channel group 
cools the semiconductor devices 1. The heat me- 
dium liquid is driven by the liquid pump 7. The 
cooling liquid which has absorbed the heat per- 
forms the heat exchange with the external air of the 
casing by the heat radiating panel 71 which forms 
a part of the casing 5. According to the embodi- 
ment, the generated heat is radiated and the de- 
vice can be held at a low temperature. Therefore, 
the operating speed of the device which restricts 
the operating speed of the computer can be raised, 
so that the high speed operation of the computer 
can be realized. 

Fig. 12 shows further another embodiment of 
the invention. Although the embodiment can be 
also applied to the embodiment shown in Fig. 1 or 
5, it is characterized by a cycle construction in 
which the system operates at two or more evapora- 
tion temperatures. In the embodiment, the refrig- 
erating cycle is constructed by two evaporators 31 
and 61 , two expansion valves 63 and 64, the com- 
pressor 33, and the condensers 32. The evaporator 
31 has a construction similar to that of the embodi- 
ment shown in Fig. 1 or 5 and cools the semicon- 
ductor devices through the cooling member. On 
the other hand, the evaporator 61 is operated at an 
evaporating temperature lower than that of the 
evaporator 31 and has the dehumidifier 6. The 
dehumidifier 6 is provided at a ventilation port of 
the casing. The dehumidified air is fed into the 
casing. It is consequently possible to prevent that 
the semiconductor device which has been cooled 
to the low temperature is wet with dew. The de- 
humidifier 6 may be also constructed by, for in- 
stance, a high water absorption resin or the like. It 
is also possible to construct in the following man- 
ner. That is, the inside of the casing is airtighted by 
using a rubber packing or the like, the expansion 
valve 63 which has the dehumidifier 6 and forms 
the refrigerating cycle on the low temperature side 
is made operative only in the initial operation after 



the external air entered the casing as in the case of 
the maintenance or the like, the air in the casing is 
dehumidified, and thereafter, the expansion valve 
64 on the high temperature side is made operative, 

5 thereby cooling the semiconductor devices. Upon 
operation of the computer system, a humidity in 
the casing is detected, an opening degree of the 
expansion valve 63 on the low temperature side is 
changed as necessary, and it is possible to prevent 

10 that the semiconductor device is wet with dew. 

Further other embodiments of the invention will 
now be described with reference to Figs. 13A to 
13C and 14. 

A computer system of the embodiment is con- 

75 structed by: the boards 2 on which a temperature 
detecting circuit and a clock generating circuit 
comprising a frequency variable oscillator are 
mounted and which are enclosed in the casing 5; 
the first cooling member 4 which is constructed bjr 

20 the heat pipe to cool special devices, the block 
having a high heat conductivity, or the like; the 
second cooling member 41 which is formed by a 
flexible member having a high heat conductivity, a 
structure for allowing the air to collide with the 

25 semiconductor devices, or the like; and a refrigera- 
tor 90. As shown in Figs. 13A and 13B, the refrig- 
erator 90 is provided as a separate unit and can be 
detached from the casing 5 of the computer main 
body. That is, in the connecting portion of the 

30 computer main body and the refrigerant unit, the 
first cooling member 4 of the computer main body 
and the evaporator 31 of the refrigerating unit are 
thermally physically connected by a small contact 
heat resistance by using an attachment structure 

35 91. The semiconductor devices 1 are cooled 
through the first and second cooling members 4 
and 41 . When a high operating speed is not need- 
ed as a capability of the computer, the refrigerating 
unit is detached and the computer is operated in a 

40 state of only the computer main body or in a state 
in which radiating fins 92 shown in Fig. 13C are 
attached. At this time, the heat generated from the 
semiconductor devices 1 are radiated into the ex- 
ternal air by the wall surface of the first cooling 

45 member 4 or the radiating fins 92 through the first 
and second cooling members 4 and 41. On the 
other hand, when a high operating speed is need- 
ed, by attaching the refrigerating unit, the semicon- 
ductor devices are set into a low temperature and 

so the high speed operation can be performed. 

Fig. 14 shows the details of a reference clock 
generating section of the system operation in a 
computer in which a number of semiconductor 
devices, cooling members, and a refrigerator are 

55 enclosed in the casing and the operating speed of 
the whole system is raised by reducing tempera- 
tures of special semiconductor devices. The clock 
generating section is constructed by a frequency 
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variable oscillator 8 whose frequency can be varied 
within a range from one time to two or three times 
in accordance with a signal from the outside and a 
temperature detecting circuit 80. 

The temperature detecting circuit 80 detects 
the temperature of the semiconductor device to be 
cooled or the temperature of the cooling members 
or the evaporator of the refrigerator and supplies 
signals corresponding to the temperatures to the 
frequency variable oscillator 8 and changes the 
clock frequency as a reference of the system op- 
eration. The frequency can be varied by means for 
switching clock signals generated from a plurality 
of quartz oscillators having different oscillating fre- 
quencies or means for frequency dividing one fre- 
quency into a plurality of frequencies or the like. 
Or, it is also possible to use a ring oscillator which 
is constructed by a CMOS device in which a delay 
time of a gate linearly changes in accordance with 
the temperature or the like. Upon activation of the 
computer, since the temperature of the evaporator 
of the refrigerator as a cooling source does not 
instantaneously decrease to a predetermined level, 
a predetermined operating speed is not obtained in 
the case of the semiconductor device which is 
thermally in contact with the cooling source. There- 
fore, the temperature at this time is detected and 
the clock frequency is reduced. As the temperature 
of the evaporator decreases and the temperature of 
the semiconductor device decreases to a predeter- 
mined temperature, the clock frequency is raised, 
so that a malfunction of the system can be avoid- 
ed. 

By constructing as mentioned above, according 
to the computer of the embodiment, in the clock 
generating section, the temperature of the semi- 
conductor device 1 or the cooling member 4 is 
detected and the clock frequency is set in accor- 
dance with the temperature. Therefore, in any 
cases, the computer can be operated without a 
malfunction at the speed corresponding to the cool- 
ing capability, namely, the temperature level of the 
semiconductor device without changing the device 
construction and circuit construction of the com- 
puter. 

By directly leading the operating refrigerant of 
the refrigerator to the semiconductor device cooling 
member and by evaporating the refrigerant by the 
surface of the cooling member or the inside thereof 
as necessary, the semiconductor device cooling 
member is cooled, and the semicoductor device 
can be also cooled by using the semiconductor 
device cooling member as a cooling source. 

On the other hand, in a computer which is 
constructed by wiring members such as a super- 
conductive material or the like whose wiring resis- 
tance remarkably decreases by keeping the tem- 
perature to a low temperature, the substrate or both 
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of the substrate and the special semiconductor 
devices may be also cooled to a critical tempera- 
ture or lower. 

As mentioned above, according to the inven- 

5 tion, first, the temperature of the special devices 
which restrict the operation of the whole system 
can be reduced by the cooling source which is 
generated by the refrigerator provided in the casing 
or a high radiation amount is derived and the 

w operating speed of the special device can be 
raised, so that the operating speed of the electronic 
computer can be improved. 

Such special devices can be cooled at a tem- 
perature lower than room temperatures and with a 

75 highly improved cooling performance by thermally 
coupling the devices with a cold heat source via 
heat pipes or the like. 

On the other hand, since the liquid can be 
circulated in the casing, the high cooling perfor- 

20 mance can be realized by the cooling system of a 
small size and low noises. 

Second, since the cooling member for ther- 
mally connecting the special semiconductor device 
and the evaporating portion of the refrigerator is 

25 constructed by a plurality of heat pipes and the 
airtightness of each heat pipe is independently 
held, the special semiconductor device can be 
cooled. There is an effect such that even when the 
airtightness of the heat pipe of a certain portion 

30 cannot be held, the heat can be transported by the 
remaining heat pipes and the device can be cooled 
at a high reliability. 

Third, even when the temperature of the device 
is maintained at a low temperature, the portion of a 

35 temperature lower than the temperatures of the 
semiconductor devices can be realized and the air 
in the casing can be dehumidified, so that it is 
avoided that the semiconductor device is wet with 
dew. 

40 Fourth, since the clock frequency of the elec- 

tronic computer can be varied in accordance with 
the temperature of the device, the computer can 
also normally operate upon activation of the com- 
puter. 

45 

Claims 

1. An electronic computer and a cooling system, 
comprising: 

so means (2) for attaching circuit devices in- 

cluding a plurality of semiconductor devices 
(1) constructing the electronic computer; 

a housing (5) for enclosing said computer 
constructed by said attaching means (2); 
55 cooling means (7, 15, 31, 32, 33, 34, 43, 

61) including a low temperature source to cool 
said circuit devices; and 

cooling members (4, 41) for thermally con- 

9 
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necting said low temperature source with pre- 
determined semiconductor devices whose op- 
erating speeds rise due to their temperature 
drop among the semiconductor devices in said 
circuit devices. 5 

2. A system according to claim 1, wherein said 
cooling means and said cooling members are 
enclosed in the housing (5). 

10 

3. A system according to claim 2, wherein said 
cooling means is formed by a refrigerator com- 
prising a compressor (33), an evaporator (31, 
43, 61), and condensers (32) for circulating an 
operating refrigerant. is 

4. A system according to claim 2, wherein said 
cooling means comprises: a liquid pump (7) to 
circulate a cooling liquid serving as said low 
temperature source; a first cooling member (4) 20 
to heat transfer the cooling liquid supplied from 
said liquid pump (7); and a radiating panel (71) 
to cool the cooling liquid, 

and wherein said predetermined semicon- 
ductor devices (1) and said first cooling mem- 25 
ber (4) are thermally connected through a sec- 
Kind cooling member (41). 



5. A system according to claim 3, wherein said 
evaporator (31) comprises a first portion which 
is thermally connected to the predetermined 
semiconductor devices (1) by said cooling 
members (4, 41) and a second portion includ- 
ing means (42) for cooling air in the housing 
(5) and for circulating the cooled air. 

6- A system according to claim 5, wherein the 
cooling member (4) and ducts (56) formed in 
said cooling member are arranged near the 
predetermined semiconductor devices (1) and 
the cooled air is blown out to the predeter- 
mined semiconductor devices from holes (51) 
formed in the ducts (56). 



9. A system according to claim 1, having a first 



cooling member (4) which is thermally con- 
nected to the predetermined semiconductor 
devices (1) through a second cooling member 
(41), 

and wherein said cooling means com- 
prises a refrigerating apparatus including an 
evaporator (31), and the first cooling member 
(4) and the evaporator (31) are constructed by 
an attachment structure, and the refrigerating 
apparatus and the computer can be detached. 

10. A system according to claim 1 or 5, wherein 
said cooling member (41 ) is formed by a flexi- 
ble material having a high heat conductivity. 

11. A system according to claim 4 or 9, wherein 
said second cooling member (41 ) is formed by 
a flexible material having a high heat con- 
ductivity. 

12. A system according to claim 4 or 9, wherein 
the first cooling member (4) is constructed by 
heat pipes (48) and is separated into a plurality 
of chambers (45) each having airtightness. 

13. A system according to claim 4 or 9, wherein 
the first cooling member (4) is constructed by 
a bundle of a plurality of heat pipes (48) and 
an evaporating portion and a condensing por- 

30 tion of said heat pipes are constructed in a 

block shape. 

14. A system according to any one of claims 1 to 
13, wherein a water absorption resin is ar- 

35 ranged near the evaporator (31). 

15. A system according to claim 3, 5 or 6, wherein 
said refrigerating apparatus has a second 
evaporator (61) which is set into an evaporation 

40 temperature lower than that of the evaporator 

(31), and a moisture is dehumidified by the 
second evaporator (61). 

16. An electronic computer and a cooling system 
comprising a combination of a computer in- 
cluding a plurality of semiconductor devices 
and a cooling apparatus, 

wherein said system has: 
a refrigerating apparatus constructing the 
cooling apparatus; and 

means for locally cooling, by using said 
apparatus, predetermined semiconductor de- 
vices (1) whose operating speeds are in- 
creased by reducing their temperature to a 
temperature lower than temperatures of the 
other semiconductor devices. 

17. A system according to claim 16, having a 



7. A system according to claim 1, further having 45 
means for changing a frequency of a reference 
clock generating section (8) of the computer 
on the basis of a temperature detection value 
of a temperature detecting circuit (80) provided 
near the predetermined semiconductor devices so 
0). 

8. A system according to claim 1 , having another 
housing for enclosing said cooling means so 
as to be detachably coupled to said housing 55 
(5) enclosing the cooling member (4) therein. 
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» cooling member (41) for thermally connecting 

said predetermined semiconductor devices (1) 
and an evaporator (31) of said refrigerating 
apparatus. 

5 

18. A system according to any one of claims 1 to 
17, wherein the temperatures of said predeter- 
mined semiconductor devices (1) are held to at 
least 0 • C or lower and the operating speeds of 
said predetermined semiconductor devices (1) 10 
are improved to an operating speed which is 
1.5 or more times as high as the operating 
speed at a room temperature. 

19- A system according to any one of claims 1 to 75 
17, wherein the temperatures of said predeter- 
mined semiconductor devices (1) are held to at 
least -50 *C or lower and the operating speeds 
of said predetermined semiconductor devices 
(1) are improved to an operating speed which 20 
is two or more times as high as the operating 
speed at a room temperature. 

20. A system according to any one of claims 1 to 

17, wherein the temperatures of said predeter- 25 
mined semiconductor devices (1) are held to at 
least -100*C or lower and the operating 
speeds of said predetermined semiconductor 
devices are improved to the operating speed 
which is 2.4 or more times as high as the 30 
operating speed at a room temperature. 

21. A system according to claim 15, wherein a 
humidity in the casing (5) of the computer is 
detected and an opening degree of the expan- 35 
sion valve (63) on the low temperature side of 

the refrigerating apparatus is changed in ac- 
cordance with the detected humidity. 

22. A system according to claim 17, wherein said 40 
cooling member comprises a first cooling 
member (4) and a second flexible cooling 
member (41) which has a high heat conductiv- 
ity and is arranged between the first cooling 
member (4) and said predetermined semicon- 45 
ductor devices (1). 

23. A system according to any one of claims 1 to 
21, wherein an electronic refrigerating device 

(44) is interposed between said predetermined so 
semiconductor devices (1) and said cooling 
member. 



BNSDOCJD: <EP Q469326A2 I > 




EP 0 489 326 A2 



F I G. I 

COMPRESSOR 



5 CASING 



REFRIGERATION _ 
CONTROLLER 15. 

EXPANSION VALVE 34 
DEHUMIDIFIER 6 

EVAPORATOR 31 
CONDENSER 32 




2ND- COOLING 
MEMBER 



BOARD 



16 BOARD 



j SEMICONDUCTR DEVICE 



F I G. 2 




AA ELECTRONIC 

REFRIGERATING DEVICE 

^ I I DEVICE 



<EP 04 89326 A2 I > 



12 



EP 0 489 326 A2 



F I G.5 




14 



♦ 




EP 0 489 326 A2 




BNSDOCID: <EP__0489326A2J_> 



15 



EP 0 489 326 A2 



F I G. 8 




50 

— X 



t 



53 



4 



F I G. 9 

50 54 




^=K^=K t ^ ) ^z=SH=K 

I 



F I G. 10 

9 50 55 

tr->- 



mu^i, w,iL\iy,u.v^ .wm 




F I G. 1 2 



32 



EXPANSION c , 
VALVE 0«5 



EXPANSION VALVE 



""(g) (g^ 64 EVAPORATOR 



EVAPORATOR 
6 '1 



1 




a 



33 



DEHUMIDI FIER 



BNSDOCID: <EP 0489326A2_I_> 



17 



EP 0 489 326 A2 



F I 6.I3A 

91 



H' 



F I G. I3B 



It+f 



31 



-90 



I H-++4 



F I G. I3C 



= v 92 



F I G. 14 



8-XJ FREQUENCY 
VARIABLE 
OSCILLATOR 



CLOCK 



TEMPERATURE 

DETECTING 

CIRCUIT 



80 



18 



